Abstract
INTRODUCTION
The pubococcygeal line (PCL) is one of the primary landmarks used to assess pelvic organ support on sagittal-plane magnetic resonance imaging (MRI) of the pelvis. In the literature, there is agreement on using the inferior edge of the pubic symphysis as the anterior landmark; however, there is currently no consensus on where to place the posterior point of the PCL.1 Various authors have placed it at the tip of the coccyx,2 the last vertical or horizontal joint of the coccyx3-5 or the sacrococcygeal joint.6 To add to the confusion, when the line is drawn to the sacrococcygeal joint it is also referred to as the sacrococcygealinferior pubic point line (SCIPP line). [7] [8] [9] [10] [11] Different placements not only make it difficult to compare results between studies, but may also introduce error into the measurements. Bø et al.12 found that the coccyx moves ventrally during a pelvic floor muscle (PFM) contraction and dorsally during straining. Thus, coccyx movement is likely to affect the length and position of the PCL when it is measured to the tip of the coccyx. The resulting changes would thus render comparisons of pelvic organ support between conditions of rest, PFM contraction and straining less valid. Therefore, the primary goal of this study was to compare the lengths of two PCLs, each measured to different posterior ends: the tip of the coccyx (PCLtip) and the sacrococcygeal joint (PCLjnt), under three conditions: rest, PFM maximum voluntary contraction (MVC) and straining, to determine which of the two PCLs provides the most valid baseline for measures of pelvic organ support. These two posterior landmarks were chosen because they are at opposite ends of the coccyx and are, therefore, most likely to demonstrate any effects of coccyx movement. The second objective was to describe the effect of changes in the PCLs' lengths on four measures of pelvic organ support that use the PCL as a reference line: the urethrovesical junction height, the uterovaginal junction height, the M-line, and the levator plate angle.
MATERIALS AND METHODS
Women 60 years and older were recruited using advertisements in a local newspaper for seniors and through referrals from participating physicians. Interested women were screened by telephone and included in the study if they were independently ambulatory and were either continent (no report of any urine leakage for at least 1 year) or reported at least one episode weekly of mixed or stress urinary incontinence (MUI or SUI) over the previous 3 months. Women were excluded if they reported any contraindication to MRI, had symptoms consistent with other types of incontinence according to the Urogenital Distress Inventory,13 reported conditions that might impair their ability to participate in the study or were taking medications known to affect continence. Women who passed the screening and were interested in participating in the study were mailed the consent form to read prior to their appointments. The study received ethical approval from the research ethics boards at the Centre de recherche de l'institut universitaire de gériatrie de Montréal, where data collection took place, and at each of the hospitals from which participants were recruited. The consent form was reviewed with each participant and written consent was obtained prior to the physical evaluation.
This study was part of a larger prospective cohort study with the objective to characterize and compare the morphology and function of the female PFM using MRI and dynamometry in women with and without incontinence aged 60 and over. This study was developed in order to ensure the validity of our measures of pelvic organ support prior to using these measures to assess changes in pelvic organ support produced by the training exercises and to entering these variable in the predictive model. All of the data for this study were collected at the pre-intervention evaluation, which also included an evaluation of pelvic floor muscle function using dynamometry and electromyography.
Using intra-vaginal palpation, dynamometry, electromyography and verbal feedback, an experienced pelvic floor physiotherapist taught the participants to perform PFM contractions correctly. They were then oriented to the MRI suite and the testing procedure, and asked to empty their bladders.
Magnetic resonance imaging in the sagittal plane was performed with a Siemens 3.0T Magnetom Trio, using an IPAT torso/pelvis coil centered at the symphysis pubis. First, 20 high-resolution slices were recorded at rest with T2 weighted fast spin echo sequences (field of view 24 cm × 24 cm, matrix 512 × 256, 5 mm thick/1 mm gap, TR 4,190 msec, TE 134 msec, Bandwidth 130 Hz/pixel, NEX 1, scan duration 146 sec). Then, during the PFM MVC and the straining manoeuvre, six acquisitions were made in the midsagittal plane with T2 weighted single-shot fast spin echo sequences to provide a cine view (field of view 24 cm × 24 cm, matrix 256 × 256, 6 mm thick/0 mm gap, TR = 3,000 msec, TE 110 msec, Bandwidth 320 Hz/pixel, NEX 1, scan duration 18 sec). The PFM MVC instructions were: "Contract your muscles as hard as you can, as if you were holding back urine or gas." Effort during straining was controlled by having the volunteers blow into a standardized (Guillarme's) tube. The instructions were: "Blow into the tube and push as if you were passing stool."
The measurements at rest were taken from the midsagittal slice. For the PFM MVC and the straining images, the measurements were taken from the midsagittal slices that demonstrated the greatest bladder neck elevation and descent, respectively. The PCLtip was drawn from the inferior edge of the pubic symphysis to the tip of the coccyx and the PCLjnt was drawn from the inferior edge of the pubis symphysis to the anterior aspect of the sacrococcygeal joint line (see Fig. 1 ). The four measures of pelvic organ support were taken next. The height of the urethrovesical junction was measured as the perpendicular distance between the PCL and the anterior angle between the bladder and the urethra.14 The height of the uterovaginal junction was measured as the perpendicular distance between the PCL and the anterior angle where the uterus flexes on the vagina. 15 In women who had had hysterectomies, the superior-most point of the vagina was used as the landmark. The H-Line was measured from the inferior edge of the pubis symphysis to the posterior aspect of the rectum at the anorectal angle.4 The M-line was measured as the perpendicular distance from the PCL to the posterior end of the H-line (i.e., at the anorectal angle). The levator plate angle was measured between the PCL and the H-line3 (see Fig. 1 ). The PCLtip and its corresponding measures of pelvic organ support were performed first and then erased prior to measuring the PCLjnt and its corresponding measures of pelvic organ support. In order to test the intra-rater reliability of each measurement under the three conditions (rest, PFM MVC, and straining), images from 10 individuals were chosen at random: then, working independently, two raters (SJM and SPD) produced two sets of measurements for each image. The measurements were made on all of the images in the group once before being repeated. The intra-class correlations (ICCs), coefficients of variation (CVs) and standard errors of the mean (SEMs) were calculated between each evaluator's first and second set of measurements for both of the PCLs under each of the conditions (rest, PFM MVC, and straining).
In order to test the inter-rater reliability of the measurements, 10 other participants were randomly chosen and their images analyzed; working independently, the two raters produced one set of measurements from each image. The ICCs, CVs, and SEMs were then calculated between the two evaluators' measurements of the 20 participants' images: the 10 that were measured once each by the 2 raters and 10 from the intra-rater reliability tests. Only the second set of measurements from the intra-rater reliability tests were used to remove possible learning effects. After confirming the intra-and inter-rater reliabilities, the images from the remaining volunteers were randomly assigned to the two evaluators, who took one set of measurements for each image.
To compare the two methods for measuring the PCL, the lengths of the two PCLs during the three conditions (rest, PFM MVC, and straining) were compared using a two-way repeated measures analysis of variance (ANOVA). The line by condition interaction was included in the model. Post hoc comparisons were made using the Bonferroni method to correct for multiple comparisons. As well, ICCs and BlandAltman plots were calculated by PCL for each pair of tasks.
The position of the PCLtip relative to the PCLjnt was assessed by measuring the angle between the two PCLs in each of the three conditions. These angles were then compared using a repeated measures ANOVA and post hoc comparisons were made using the Bonferroni method.
The two-way repeated measures ANOVA model was used to test for differences in the four measures of pelvic organ support (urethrovesical junction height, uterovaginal junction height, M-line, and levator plate angle) produced by changes in the length of the PCL between the conditions and post hoc comparisons were made using the Bonferroni method. Significance was set at α < 0.05 for all tests.
RESULTS
Forty-seven women participated: 14 continent, 24 with MUI, and 9 with SUI. As there were no differences among the continence groups in terms of age, parity, or body mass index (BMI), they are presented as aggregate data, mean (standard deviation): age 67.6 (± 4.7) years, parity 1.7 (±1.5) births and BMI 25.5 (±3.9) kg/m 2 .
The PCL measurements demonstrated excellent intra-and inter-rater reliabilities for all three conditions. There were no differences in the intra-and inter-rater reliabilities between the PCLjnt and the PCLtip. The other measures of pelvic organ support also demonstrated good to excellent intra-and inter-rater reliabilities (see Table I ). The PCLjnt was longer than the PCLtip for all three conditions (P < 0.001). The line by condition interaction was significant (P = 0.027); the PCLjnt length did not change among the three conditions, while the PCLtip shortened during the PFM MVC. However, the shortening effect was small making the post hoc comparisons non-significant.
The analyses were repeated for the 31 cases (66%) that demonstrated at least a 2 mm difference in PCLtip length between rest and either the PFM MVC or straining condition (the excluded cases included three cases that demonstrated <2 mm change and 13 cases that demonstrated no change in PCLtip length among the conditions). This subgroup did not differ significantly in age, parity, or BMI from the participants as a whole. The line by condition interaction was again significant (P < 0.001) and the same shortening pattern was demonstrated. In the post hoc analyses, the PCLtip was shorter during the PFM MVC than it was during the rest or straining conditions (P < 0.001 and P = 0.004, respectively), and there was no difference in the length of the PCLtip between rest and straining (P = 0.84). and straining conditions seems to be due to the observation that the participants demonstrated two distinct patterns of movement during straining: in 18 of the 31 women demonstrating coccyx movement, the coccyx extended on the sacrum resulting in a longer PCLtip, while the remaining 13 demonstrated flexion of the coccyx on the sacrum resulting in a shortening of the PCLtip. Again, there was no change in the length of the PCLjnt with any of the manoeuvres (P > 0.84 for all comparisons) in this subgroup (see Fig. 2 ). The position of the PCLtip relative to the PCLjnt also changed among the conditions. At rest the mean angle between the two PCLs was 9.88° (±4.14), during the PFM MVC the PCLtip moved towards the PCLjnt and the mean angle decreased to 7.48° (±4.08), and during straining the mean angle between the two PCLs was 10.10° (±4.21). The angle between the two PCLs was significantly different during the PFM MVC than it was at rest and during straining (P < 0.001 for both). The angle between the two PCLs during straining was not significantly different from the angle at rest (P = 0.46), again probably because of the two patterns of coccyx movement demonstrated by the subgroup.
As the PCL is used as a baseline from which to make several measures of pelvic organ support (e.g., the heights of the urethrovesical and the uterovaginal junctions, the length of the M-line and as one arm of the levator plate angle), it is clinically useful to know how changes in the PCLtip's length and position, during the different conditions, affect these measures. For all four measures, the changes between the rest and PFM MVC conditions were significantly different between those made with the PCLtip as the baseline and those made with the PCLjnt as the baseline (P < 0.001 for each comparison). The changes in the four measurements between the rest and straining conditions were not significantly different depending on which PCL was used as the baseline (P > 0.22 for each comparison). Again the two patterns of coccyx movement seen during straining probably account for this lack of difference (see Fig. 4 ). 
DISCUSSION
The intra-and inter-rater reliabilities were excellent for both PCLs, indicating that the evaluators were able to produce not only consistent, but also similar measurements. The intra-and inter-rater reliabilities for the other measures of pelvic organ support were good to excellent. However, the intra-class correlations (ICCs) were lower for measurements that had at least one soft tissue landmark, likely because these structures have more rounded contours; hence, consistently positioning the line in the same place is more difficult. The coefficients of variation (CVs) were also higher for the measurements with at least one soft tissue landmark, probably for the same reason described above, and for the shortest measurements. This was likely due to small variations in the measurements, between sets and raters, being proportionally greater to the overall magnitude of the shorter measurements than they were for the longer measurements. The standard errors of the mean (SEMs) indicated a measurement error of not more than 2 mm (or degrees) for all the measures, suggesting that differences of 2 mm (or degrees) or greater are true differences. Therefore, a change of at least 2 mm in the length of the PCLtip was used to define the group demonstrating coccyx movement.
Our results confirm the findings of Bø et al.12 that PFM contractions produce movement of the coccyx. These findings are also novel: they not only demonstrated the occurrence of coccyx movement in older women but also established the effect of this movement on commonly used parameters for assessing pelvic organ support. Movement of the coccyx resulted in measurable changes in the length and the position of the PCLtip, subsequently affecting other measures of pelvic organ support that use the PCLtip as a reference line.
This effect was particularly evident during the PFM MVC. There was less elevation between the rest and PFM MVC conditions in the measures of pelvic organ support that used the PCLtip as their baseline compared to those that used the PCLjnt. This is because the PCLtip was also lifted by the PFM MVC; therefore, these four measurements cannot provide true measures of the lift produced by the PFMs. Further, it suggests that the PCLtip should not be used as a reference line for other measures of pelvic organ support because it may underestimate the effect of the PFM lift on the pelvic organs. It may also mask changes produced by PFM training interventions as PFM training is known to improve the elevation of the PFMs during a PFM MVC.16
Unlike the findings of Bø et al.12 there was no difference in the mean length of the PCLtip between the rest and straining conditions. This is because participants demonstrated either a lengthening or a shortening of the PCLtip, likely because those who demonstrated shortening contracted their PFMs during the straining manoeuvre, perhaps in an effort to avoid losing urine or flatus. It is also possible that the standardized straining manoeuvre used in this study was not sufficiently intense to overcome the involuntary PFM contraction associated with increased intra-abdominal pressure.17 A standardized straining manoeuvre was chosen in an effort to avoid variability in effort; however, different levels of effort may be necessary to overcome involuntary PFM contraction in different women. As well, it was assumed that the women would know how to produce a staining effort and, therefore, minimal instructions were given in order to elicit their usual responses. This assumption may have been incorrect as evidenced by the two response patterns. The fact that it is impossible to provide instructions or encouragement to a volunteer while the MRIs are being recorded may also account for the less than maximal effort. Recent research has shown that women must strain for a minimum of 6 sec to achieve maximum pelvic organ descent;18 in this study the women were required to strain for a minimum of 18 sec, sufficient time to perform the manoeuvre. In future research, participants should be specifically instructed on how to produce a maximum straining effort and to relax their PFMs during straining; further, sufficient time to produce maximum pelvic organ descent must also be assured.
Thirteen (28%) of the women did not produce any movement of the coccyx during either the PFM MVC or straining condition. As movement of the pelvic organs was visible in these women during the tasks and they were able to produce PFM contractions that were confirmed by palpation, dynamometry and electromyography, it is unlikely that the lack of coccyx movement was due to either PFM defects or atrophy or a lack of effort during straining. More probably, the range of motion of the sacrococcygeal and coccygeal joints was limited in these volunteers. 19 Since this lack of movement was only observed in a minority of women, it does not change the recommendation that the tip of the coccyx not be used as the posterior landmark for the PCL.
CONCLUSIONS
A substantial majority of the participants (66%) demonstrated movement of the coccyx during the PFM MVC and straining. Therefore, to avoid introducing error into measures of pelvic organ support, the PCL should be drawn from the inferior edge of the pubic symphysis to the sacrococcygeal joint, not to the tip of the coccyx.
